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Abstract: The aim is to study genetic and intrauterine epigenetic mechanisms of endometrial receptivity disorders in patients
with reproductive failures. 96 girls of adolescents with disturbed menstrual function as anomalous uterine bleeding (AUB PP)
and 210 women of reproductive age, suffering from uterine infertility or miscarriage, due to "thin" endometrium were
examined. All the patients were born on the deadline. Within the main cohorts, the patients were stratified according to their
birth weight. Clinical anamnestic data and molecular genetic studies of polymorphic variants of sex steroids receptor genes,
endothelial function regulation genes, angiogenesis and thrombophilia were analyzed using the "real-time" allele-specific
polymerase chain reaction with melting curves of the amplification products using a set of reagents and protocols of the
company Test Gen LTD (Russia). The risk of reproductive failures due to impaired receptivity of the endometrium is
associated with the carrier of the polymorphic allele A of the VEGF2578C gene> A: for patients with infertility (OR = 2.73
(1.36-5.45), p=0.01) and miscarriage OR = 4.61 (2.19-9.71), p = 0.01) and bearing the polymorphic allele 675 4G of the PAI-
1 gene 675 5G> 4G: for patients with infertility (OR = 8.45 (3, 96-18,21), p = 0,001) and miscarriage (OR = 9.98 (4.61-21.74),
p = 0.001). The carrier of polymorphism pVull-CC of the gene ESR1 397T> C is associated with an increased risk of
disruption of the development of the menstrual function, manifested by abnormal uterine bleeding of the pubertal period (OR =
4.58 (0.97-21.68) p = 0.04), and the risk of developing in the reproductive age of miscarriage, caused by a "thin" endometrium
(OR =6.79 (1.94-23.75), p = 0.01). In women born with low weight, a significantly higher frequency of genotypes containing
polymorphic allele 786C of the gene for endothelial NO-synthase NOS3 786 T> C was determined: for women with infertility
OR = 6.173 (1.83-20.83); p = 0.001; for women with miscarriage OR = 4.902 (1.69-14.08); p = 0.002; for girls OR = 2.56
(1.01-6.50); p = 0.04. The genetic network containing the described variable alleles coordinates the pathological nature of the
regulation of the endometrial function, which can lead to the formation of a "thin" non-receptive endometrium in response to
traumatic injury.
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(<2500 g) are born every year around the world, of which
about 10.2 million babies are born with a low birth weight
(LBW) [1-2]. This is 27% of all live births. Recent
systematic reviews confirm that the metabolic effects
associated with low birth weight appear at a very young age
and persist throughout life. The development of people born
with low body weight, metabolic syndrome, obesity,

1. Introduction

At present, the problems of the influence of intrauterine
epigenetic factors on the realization of the receptivity of the
endometrium in the reproductive age remain insufficiently
studied in the world science. According to the WHO Global
Survey, about 20 million children with a low birth weight
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hypertension, type 2 diabetes and endothelial dysfunction has
been proven [3-5]. There are common epigenetic
mechanisms for the formation of this pathology,
predetermined by in utero programmable hypermethylation
of the promoter regions of a number of genes and histone
modification [6-7], which in adults can influence the
functional regenerative capacity of various human tissues,
including proliferation, vascular stromal remodeling,
recruiting of immunocompetent cells, neoangiogenesis and
regeneration in the endometrium. Similar works in the world
literature are few and require further research confirming
these provisions.

The aim of the study was to study some molecular genetics
and intrauterine epigenetic mechanisms of endometrial
receptivity disorders in patients with reproductive failures.

2. Material and Methods of Investigation

96 girls of adolescents with disturbed menstrual function
as anomalous uterine bleeding (AMK PP) and 210 women of
reproductive age, suffering from uterine infertility or
miscarriage, due to "thin" endometrium were examined. All
the patients were born on the deadline. Among the adolescent
girls, the first main group consisted of 32 girls of pubertal
age, born in a term of low birth weight (LBW: less than 10
percentages in terms of height), suffering from menarche
AMK PP. The second main group consisted of 37 girls of
pubertal age, born in a term with a normal birth weight -
NBW: more than 10 percentages in terms of height and
weight, suffering from menarche abnormal uterine bleeding
in the pubertal period. The control group consisted of 27 girls
of pubertal age, born in a term with a normal body weight
with the right rhythm of menstruation with menarche,
harmonious physical and sexual development.

Among 210 women of reproductive age, 92 women with a
uterine infertility were included and 90 women with
miscarriage due to a "thin" endometrium. To study the role of
intrauterine programming in the formation of endometrial
receptivity  disorders, reproductive-age patients were
stratified by birth weight and divided into 4 groups: 126
women with infertility, born with LBW, 66 women with
infertility, born with NBW, 35 women with miscarriage, with
LBW, 55 women with miscarriage, born with NBW.

The control group consisted of 28 healthy fertile women
who did not have a history of miscarriages, who had an
anamnesis of urgent labor through natural birth canals
without deviating from the physiological course of pregnancy
and labor, resulting in the birth of healthy children.

The criteria for inclusion in the study for adolescent girls:
age 12-15 years, lack of experience of sexual contacts, the
presence of uterine bleeding puberty period for patients of
the main study groups, gestational age at the time of birth 37
weeks or more.

The criteria for inclusion in the study for women: the
reproductive age (18 - 40 years); uterine factor of infertility
and miscarriage, caused by endometrial hypoplasia; thickness
of the endometrium is not more than 7 mm per day LH + 7

(the period of the
normocoagulation.

The criteria for exclusion from the study for adolescent
girls: the presence of a blood disorder with a violation of
hemostasis, other severe extragenital diseases, organic
pathology of the genital organs (adenomyosis, congenital
malformations, tumors and tumors of the genital organs),
specific inflammatory diseases and genital tract injuries,
bloody discharge from the genital tract of unknown origin at
the time of treatment, taking medications that affect the blood
coagulation system.

Exclusion criteria: age less than 18 and over 40 years;
oncological diseases, somatic pathology, in which pregnancy
is contraindicated; infertility and miscarriage, not associated
with endometrial hypoplasia.

The analysis was subjected to anamnesis and clinical
examination data. Anamnestic data were obtained as a result
of a personal interview with patients, additional information
was obtained from the exchange cards of pregnant and
outpatient cards and child observation cards (form 112).
Particular attention was paid to the evaluation of body weight
and growth of patients at birth. In accordance with the
provisions of the Helsinki Declaration of the World Medical
Association the last revision, all patients and / or their legal
representatives received informed consent to participate in
the study and use of biological material prior to entry into the
study. The examination of children was carried out with the
consent of teenage girls and their parents, in the presence of
parents.

The material for molecular genetic testing was DNA
samples of women isolated using commercial sets of reagents
"Cytolysin" TU 9398-108-01897593-10 and protocols for
DNA isolation of LLC InterLabService LLC, Russia.

To estimate the amount of isolated genomic DNA, a set of
KVM reagents was used to control the collection of material
for the PCR method (DNA-Technology NPO, Russia). In the
study, at least 1.0 ng of genomic DNA was taken for the
reaction.

The following polymorphic variants of genes were studied:
genes of sex steroids receptors: ESR1 351A> G (rs9340799,
xbal), ESR1 397T> C (rs2234693, Pvull), PGR 660 A> G
(rs1042838); genes of regulation of endothelial function:
NOS3 786T> C (rs2070744), NOS3 894G> T (rs1799983);
genes for the regulation of angiogenesis: VEGF-A 936 C> T
(rs 3025039), VEGF-A-634 G> C (rs 2010963); genes of
thrombophilia: PAI-1 675 4G / 5G (rs 1799889), ITGA3
1565 T /S (rs5918), ITGA2 807 C/ T (rs1126643).

DNA samples were isolated from fresh whole blood taken
in an amount of 2 ml in a disposable tube with 0.1 ml of 6%
EDTA using a kit for the isolation of whole blood cell DNA
"Cytolysin" (Russia TU 9398-108-01897593-10). Allele-
specific polymerase chain reaction (PCR) was then carried
out in "real-time" mode; with the melting curves of the
amplification products removed using a set of reagents and
protocols from OOO Testgen (Russia). The detection and
interpretation of the results of the research was carried out by
the software of the DT-96 device manufactured by the NPO

supposed "implantation window"),
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"DNA-Technology".

The statistical processing of the results of the research was
carried out using software packages "StatSoft Statistica 6.0"
(StatSoft, USA), SPSS Statistics version 22.0 (IBM
Microsoft, USA). In the case of subordination of the
distribution of the sign to the law of normal distribution, the
data were represented as the mean value (M) and the standard
error of the mean (m). A check of statistical hypotheses about
the absence of intergroup differences in quantitative
characteristics in independent groups was carried out using
the single-factor analysis of variance analysis (ANOVA). In
the deviation of the distribution of the feature from the law of
normal distribution, the data were presented as a median
(Me) and lower and wupper quartiles (25th and 75th
percentiles, P25-P75). For the indicators characterizing the
qualitative characteristics, the absolute value and the relative
value in percent were indicated, the verification of the
statistical hypotheses was carried out using the chi-square
test (%2). The critical significance level of the differences (p)
at which the null hypothesis of the absence of differences
was rejected and the alternative hypothesis was accepted was
established to be 0.025 (Kruskel-Wallis criterion) and p
<0.05 (Wilcoxon test).

The distribution of genotypes was checked for compliance
with the Hardy-Weinberg equilibrium using the %2 criterion,
and also when compared with the DeFinetti parabola.
Differences in the frequency of alleles and genotypes

between groups are estimated by the Pearson y2 criterion. To
assess the association of genotypes and alleles with
preeclampsia, odds ratio (OR) ratios are calculated with a
95% confidence interval (CI).

3. Results and Discussion

Correct formation of a functionally complete endometrium
begins at the stage of intrauterine development. In the
antenatal period, the formation of the reproductive system
occurs under the influence of both genetic and epigenetic
factors [8-9]. The course of pregnancy and childbirth in the
mother has a decisive influence on the development of
reproductive health of the girl [8, 10]. It is known that the
violation of menstrual function is more often formed in girls
born from mothers, whose pregnancy was taking place
against the background of habitual miscarriage, preeclampsia
and chronic fetoplacental insufficiency with the outcome in
the fetal development delay syndrome [9-10]. The
development in people born with low body weight, metabolic
syndrome and obesity, arterial hypertension and endothelial
is proved [3-5].

In our study, girls born with fetal growth retardation
syndrome had a significantly higher body mass index
bordering on the norm at the time of pubertal age and at the
same time the smallest growth as compared to girls born with
normal body weight (Figure 1).
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Figure 1. Age dynamics of anthropometric data of adolescent girls in the observation group (n = 96; Me).

This fact can be explained by David Backer's theory of
intrauterine programming of some diseases in people born
with low body weight, and especially obesity [5, 11, 12].
Mechanisms involved in metabolic programming are only
beginning to be explored. According to some data, the delay
in intrauterine growth of the fetus leads to a wide spread of
changes in DNA methylation, thus effecting epigenetic
influences on the implementation of the genomic response

[13].

It should be noted that the anthropometric features
described above persist throughout life. So according to our
data, in the reproductive age, women born with intrauterine
growth retardation differed from their peers born with normal
weight, higher body mass index values with average growth
values (Figure 2).
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Figure 2. The body mass index of women of reproductive age in the observation groups, depending on the body weight at birth.

Every fifth patient with infertility (19.23%) and every third
patient with a habitual miscarriage (34.29%), born with a low
birth weight, had excess weight in the reproductive age.

According to our work, the heredity of patients born with
low weight was most often aggravated by diabetes mellitus -
in 31.3% of women in the main group with LBW, in 28.3%
of the girls in the main group with LBW, in control - 3.7%;
and arterial hypertension - in 64.9% of the girls in the main
group with LBW and 56.3% in the main group with LBW,
respectively, versus 20.2% in the control group. This is
consistent with the higher risk of developing arterial
hypertension, stroke, and diabetes mellitus in people with a
low birth weight for gestational age [5-6].

It should be especially noted the higher frequency of the
formation of secondary amenorrhea and Asherman's
syndrome in patients born with low weight. So, according to
our data, almost a quarter of patients (23.08%), suffering
from organic pathology of the uterus, accompanying the
development of "thin" endometrium, were born with low
weight for their gestational age. The substrate of organic
damage to the uterus was Asherman's syndrome in 76.92%,
developmental defects of the uterus (7.69%), submucous
uterine myoma (15.39%). In 80.76% of these patients,
chronic endometritis was diagnosed.

In the pubertal period, frequent respiratory infections
(46.2%), disorders of fat metabolism (22.4%), cardiovascular
diseases (56.25%) and gastrointestinal pathology were the
most common somatic diseases in girls born with NWFP (81,
3%). Similarly, the structure of somatic pathology also
appears in women of reproductive age, born with low body
weight. There were frequent respiratory viral diseases
(42.31%), diseases of the blood coagulation system
(15.38%), obesity (19.3%) and cardiovascular diseases

(34.61%). In our opinion, the intra-uterine programmed
syndrome of endothelial dysfunction is the basis for such a
high incidence of metabolic syndrome, hypertension and
pathology of the hemostatic system among women born with
low weight.

The role of genetic polymorphism of endothelial NO-
synthase (NOS3) in the development of preeclampsia and
placental insufficiency was proved [14-16]. Therefore, it is
logical to assume that women born with fetal growth
retardation from mothers, whose pregnancy was taking place
against the background of endothelial dysfunction syndrome
with the outcome of preeclampsia and feto-placental
insufficiency, inherited a certain polymorphism of genes that
regulate endothelial function.

Phenotypically endothelial dysfunction in them is realized
in the development of metabolic syndrome, arterial
hypertension, violation of the blood coagulation system, as
well as in the violation of menstrual function associated with
a change in the balance of tissue endothelial factors,
regulators of vascular tone, angiogenesis and local
hemostasis in the endometrium [17].

We conducted a study of the polymorphism of 786 T> C,
894G> T genes in girls born with intrauterine growth
retardation, having a disorder of menstrual function as an
abnormal uterine bleeding, as well as in adult women born
with intrauterine growth retardation and suffering from
infertility and miscarriage, caused by a "thin" endometrium.
Analysis of the frequency distribution of the alleles of the
NOS3 genes showed an absolutely identical pattern: the
frequency of the polymorphism of the NOS3 786T> C gene
was significantly higher in both girls and women of the
observation groups born with fetal growth retardation
syndrome (Figures 3 and 4).
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Figure 3. Frequency distribution of genotypes containing the polymorphic allele C in the NOS3 786 T> C gene in adolescent girls born with LBW, OR
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Figure 4. Distribution of carrier frequencies of genotypes containing polymorphic allele C in NOS3 786 T> C, in women of the main observation groups born

with LBW, OR (CL95%).

According to our data, women with low birth weight have
a significantly higher incidence of genotypes containing the
polymorphic allele -786C of the gene for endothelial NO
synthase NOS3 786 T> C: for women with infertility OR =
8.264 (1.83-20.83); p = 0.001; for women with miscarriage
OR = 4.902 (1.69-14.08); p = 0.002; for adolescent girls
suffering from impaired menstrual function OR = 2.56 (1.01-
6.50); p = 0.04. Thus, the carrier of the polymorphic allele C
in the locus 786 of the endothelial NO synthase gene
observed by us in females born with low weight may be
associated with a risk of developing a syndrome of
endothelial dysfunction in them.

Recent work has shown that the presence of the C allele in
the promoter of the 786 T> C NOS3 gene leads to a decrease
in the activity of endothelial NO synthase (NOS3) and
reduces its expression in tissues, resulting in decreased
synthesis and release of nitric oxide, which determines the

endothelial syndrome dysfunction [18]. It is reported that
carriers of C gene 786 T> C NOS3 have lower levels of
nitrites in the blood, they have a reduced response of
compensatory activation of blood flow in the brachial artery
to the introduction of acetylcholine and estrogens [19]. A
meta-analysis from 20 studies, including 11236 patients,
demonstrated the association of the polymorphic allele C in
the 786 T> C NOS3 gene with the presence of an increased
tone of the coronary arteries, a propensity for coronarospasm
and a perverted response to the administration of
acetylcholine, which can serve as the basis for the
development of coronary artery disease and acute coronary
syndrome (OR 1.32, C195% 1.07-1.28, p =0.001) [20].

In our study, the ESR1 Pvull-CC genotype in the estrogen
receptor alpha gene was more often determined in girls with
uterine puberty bleeding and in adult women suffering from
miscarriage with a "fine" endometrium.
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Figure 5. Frequency distribution of the genotype of the gene ESRI 397 T> C (polymorphism P-vull) in the observation groups of adolescent girls, OR

(CL95%).

In studies on the effect of pVull ESR1 polymorphism on
endothelial dysfunction in cardiovascular disease, it is
emphasized that the ESR1 genotype of Pvull-CC carries an
increased risk of endothelial dysfunction and is clinically
more likely to increase systolic blood pressure, intima
thickness and IHD in women [21-22]. In the works of other
authors it is emphasized that the genotype ESR1 Pvull-CC
significantly reduces the NO-dependent increase in blood
flow velocity and bioavailability of NO [23].

A number of researchers believe that the syndrome of
endothelial dysfunction causes a decrease in blood flow in
the stroma of the endometrium and the formation of tissue
hypoxia [17, 22]. In our study, a significant reduction in
blood flow in the subendometral area was shown,
accompanied by an increase in indices of resistance in the
spiral arteries of the uterus in girls with AMC PP, born with
low weight, as well as in women with "thin" endometrium,
suffering from infertility or miscarriage. Tissue hypoxia in
this case triggers the development of abnormal angiogenesis,
due to the formation of cells expressing vascular endothelial
growth factor (VEGF) intensively. Locwood C. J. et al., 2011
[17] have shown that tissue hypoxia associated with
inhibition of endometrial blood flow activity and
hyperproduction of active oxygen species in endothelial
dysfunction syndrome increases the synthesis of angiogenic
growth factors such as VEGF-A in HESC and angiopoietin-2
(Ang -2) in the endothelial cells of the endometrium, while
the synthesis of angiopoietin-1 in HESC cells decreases [17].
As a result, the fragility of the vascular wall increases. In
young adolescent girls, this can lead to the development of
abnormal uterine bleeding. In the reproductive age,
dysregulation of angiogenesis and lymphangiogenesis in the
endometrium can be an important pathogenetic mechanism

for disturbing the regeneration of the endometrium in
response to trauma. Initially, the strategy of formation of
proangiogenic status is, apparently, one of the compensatory
mechanisms for maintaining optimal tissue perfusion in the
endometrium when the conditions of its existence are
violated. However, in the future, any adverse effect on the
endometrium during the reproductive age of this category of
women (carriers of certain polymorphic alleles of the NOS,
ESR1, VEGFA) may have a potentially dangerous high risk
of developing a "thin" refractory endometrium against its
regenerative-plastic deficiency.

According to our data, the carriage of polymorphism of the
pVull-CC polymorphism of the ESR1 397T> C gene is
associated not only with an increased risk of disruption of the
menstrual function, which is manifested by abnormal uterine
bleeding of the pubertal period (OR = 4.58 (0.97-21.68) p =
0, 04), but also the risk of developing a miscarriage in the
reproductive age due to the "thin" endometrium (OR = 6.79
(1.94-23.75), p=0.01).

On the other hand, an anomaly of angiogenesis in the
endometrium will inevitably lead to a change in the rhythm
of expression of steroid receptors and the production of
growth factors in the endometrium due to a change in the
transcriptional profile of genes in response to the epigenetic
influence of the tissue hypoxia factor [24].

In confirmation of the role of abnormal angiogenesis in the
formation of "thin" refractory endometrium in patients with
reproductive failures, it should be noted that the carrier
frequencies of the -2578A allele in the locus 15699947 of the
VEGF 2578 C> A gene were significantly increased in the
cohort of women with infertility (OR =2, 73 (1.36-5.45), p =
0.01), and among patients with habitual miscarriage (OR =
4.61 (2.19-9.71), p = 0.01) (figure 6).
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Figure 6. Distribution of carrier frequencies of the -25784 allele in the locus rs699947 of the gene VEGF 2578 C> A in the observation groups, OR (CL95%,).

Vascular endothelial growth factor (VEGF) induces the
formation of new vessels by stimulating, dividing and
migrating endothelial cells of nearby vessels [25]. VEGF
specifically binds to two transmembrane tyrosine kinase
receptors (VEGFR) on endothelial cells for transduction of
the intracellular signal required for angiogenesis [25].
According to several authors, carriage of the genotype CC /
CA of the gene VEGF 2578 C> A is associated with an
increase in the synthesis of VEGF-A in plasma and the risk
of metastasizing a number of epithelial cancers; In contrast,
the variant -2578A allele is associated with a decrease in the
transcription of the AP-protease and the synthesis of VEGF-
A in tissues [26-27]. A decrease in VEGF-A production may
account for the low activity of angiogenesis in tissues,
including endometrium, in carriers of the genotype AA / AC
of the VEGF 2578 C> A gene [28].

Another essential link in the genetic network associated
with the regulation of the endothelial function is the genes
coding for the synthesis of fibrinolysis factors by vascular
endothelium (PAI-1 5G / 4G). In particular, the SERPINE1

gene, belonging to the serpin family, encodes the endothelial
inhibitor of plasminogen activator-1 (IAP-1). According to
the literature, in homozygous for 4G allele (genotype 4G /
4G) of the SERPINE]1 gene, an increase in the concentration
of the IAP-1 protein in blood plasma leads to an increased
risk of miscarriage and formation of retroplacental
hematomas [22, 29]. On the other hand, the presence of the
5G allele is associated with less inhibition of the
plasminogen activator and, as a consequence, with increased
activation of uterine metalloproteinases, which play an
important role in the processes of stromal secretory
remodeling and invasion of the cytotrophoblast [30]. The
carrier of the polymorphic 4G allele can contribute to inferior
stromal remodeling of the endometrium (due to low MMP
activity), insufficient invasion of the cytotrophoblast into the
spiral arteries, and the formation of microangiothrombosis
associated with inhibition of fibrinolysis. These mechanisms
can underlie the pathogenesis of an undeveloped pregnancy
and early spontaneous abortions.
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Figure 7. Distribution of carrier frequencies of the allele - 4G in the locus of the PAI-1 gene 675 5G5G> 4G4G in the observation groups, OR (CL95%).

According to our study (Figure 7), the genotypes of
women suffering from infertility and miscarriage due to the
"thin" endometrium were significantly more likely to contain
the polymorphic allele -675 4G of the SERPINEI gene

compared to fertile healthy patients: for patients with
infertility (OR = 8, 45 (3.96-18.21), p = 0.001) and
miscarriage (OR =9.98 (4.61-21.74), p=0.001).



78 Melkozerova Oxana Alexandrovna et al.: Genetic and Epigenetic Mechanisms of Endometral
Reciptivity Disorder in Patients Born with Low Weight

4. Conclusion

Summarizing the results of molecular genetic studies, it is
worthwhile to note once again the multifactor nature of the
diseases leading to the formation of a "thin" refractory
endometrium. And this is quite understandable from the point
of molecular genetics. A gene network that controls a
particular phenotypic sign of an organism usually includes
from several dozen to hundreds of genes. For many years,
genetic polymorphism studies have focused on finding a
"universal marker of the disease." However, attempts to
discriminate groups by one marker are usually ineffective.

World scientific research is currently focused on the
creation and clinical application of the genetic network of
the transcriptome of the endometrial receptivity array
(ERA) genes. Intergenic associations of genes of sex steroid
receptions, angiogenesis, endothelial function,
thrombophilia and a number of other groups of genes form
a network within which molecular genetic mechanisms are
regulated for the growth, differentiation and morphogenesis
of endometrial cells. In our study, it was shown that the
intrauterine effect of hypoxia, as an epigenetic factor,
activates the expression of endothelial NOS3 genes. This
leads in girls and women born with intrauterine growth
retardation syndrome to the formation of in utero-
programmed endothelial dysfunction, which is realized by
the imbalance of regulation of local angiogenesis, the
synthesis of tissue growth factors, vasoconstriction and
fibrinolysis in the endometrium. In carriers of
polymorphism Pvull of the estrogen receptor gene, the
situation is aggravated by a decrease in the activity of ESR1
estrogen receptor proteins, which further reduces the
angiogenic and proliferative potential of endometrial tissue.
The genetic network containing the described variative
alleles coordinates the pathological nature of the regulation
of endometrial function, which leads to the development of
the disease in response to the action of the trigger factor,
which is most often the endometrial injury. Since, according
to evolutionary biology, it is the accumulation of mutations
in various parts of the gene network that forms the disease.
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